Abbreviations {#S0001}
=============

M/FMale/Female RatioGVaverage overall gray value of tissues

Introduction {#S0002}
============

Globally, colorectal cancer (CRC) is the third most prevalent cancer and comprises approximately 10% of diagnosed cancers.^[1](#CIT0001)^ The majority of individuals at high risk for CRC development are over 50 y of age, as incidence rates increase 50 fold in patients ages 60--79 when compared with patients younger than 40.^[2](#CIT0002)^ While there has been noteworthy improvements in early screening and combinatorial treatment development, in the United States 49,190 individuals died of the disease in 2016.^[3](#CIT0003)^ As colon cancer grows, mutates, and evolves within patients, it is important to understand the unique environment surrounding tumor growth and development, and its ability to evade immune detection.^[4](#CIT0004),[5](#CIT0005)^

As the primary form of communication between cells, cytokines have a powerful impact on regulating both proliferation and immune responses in the tumor microenvironment.^[6](#CIT0006),[7](#CIT0007)^ Cytokine profiles can induce anti-tumor responses, which often lead to a favorable prognosis, but can also result in supporting malignancy in conditions of chronic inflammation.^[8](#CIT0008)^ These cytokine profiles are assessed by measuring the concentration of both pro- and anti-inflammatory cytokines and evaluating their expression within malignant cells.^[9](#CIT0009)^ Cytokines within the tumor microenvironment are produced by both cancer cells and immune cells that are recruited to the malignant site.^[10](#CIT0010)^ Tumors will often skew cytokine profiles to support growth and proliferation by influencing surrounding cells to secrete potent pro-inflammatory cytokines such as TNF-α, IL-8, IL-6, and IL-1β.^[10](#CIT0010)-[12](#CIT0012)^ Cancer cells rely on a pro-inflammatory environment to activate signaling pathways, such as NF-κB and Ap-1, responsible for supporting cell survival.^[12](#CIT0012)^ To combat this, several anti-inflammatory drugs have been tested for efficacy in preventing or treating CRC, such as nonsteroidal anti-inflammatory drugs (NSAIDs), to reduce inflammation at the tumor site.^[10](#CIT0010),[13](#CIT0013)^

Known to be widely expressed within most somatic tissue, transforming growth factor β (TGF-β) is a cytokine known for its induction of peripheral tolerance and anti-inflammatory responses. TGF-β is shown to have a tumor suppressive role within cancers, as it functions to inhibit cell proliferation, induce apoptosis, and inhibit cell immortalization.^[14](#CIT0014)^ Yet, as cancer progresses within some patients, there is an increase in TGF-β levels which leads to the inhibition of cell adhesion and promotion of angiogenesis, supporting immunosuppression in the tumor microenvironment, and the degradation of the extracellular matrix.^[14](#CIT0014),[15](#CIT0015)^ These factors contribute to the success of a tumor to metastasize.^[16](#CIT0016)^ As a result, TGF-β has been implicated as a factor involved in promoting metastasis. To further clarify the role of TGF-β in colon adenocarcinoma we investigated its levels within primary tumors and metastatic tumors to determine whether cancer had an increased ability to metastasize when TGF-β was highly expressed.

Interleukin-10 (IL-10) is a potent anti-inflammatory cytokine secreted primarily from Th2 cells. While inhibiting antigen presenting cells, IL-10 is also responsible for suppressing the production of pro-inflammatory cytokines.^[6](#CIT0006)^ It has been shown that upon transferring the IL-10 gene into tumors, there was an observed decrease in metastatic ability and an increase in protective immunity against the tumor.^[17](#CIT0017)-[19](#CIT0019)^ Yet, other sources claim that secreting IL-10 promotes the suppression of antitumor immune responses and protects the tumor against immune attack within CRC cells.^[18](#CIT0018)^ These conflicting results exemplify the pleiotropic nature of IL-10, especially within the tumor microenvironment, and the alternative roles it can play within cancer progression.

While there has been extensive investigation into the nature of pro-inflammatory cytokines within tumor tissue, the expression of these anti-inflammatory cytokines within CRC tumors is not as well characterized. Specifically, there remains a need to determine anti-inflammatory cytokine production within metastatic CRC tumors to evaluate whether cells undergo transcriptional changes in cytokine gene expression when relocating to an alternative environment within the body. The purpose of this study is to evaluate both IL-10 and TGF-β expression within CRC patients with both colon adenocarcinoma as well as metastatic colon adenocarcinoma to investigate variability of these anti-inflammatory cytokines within CRC tumors.

Results {#S0003}
=======

IL-10 has a significant upregulation in 20% of patients with colon adenocarcinoma {#S0003-S2001}
---------------------------------------------------------------------------------

When tissues were stained for IL-10, there was a significant upregulation of the cytokine that occurred within a fifth of the patients when compared with normal controls ([Fig. 1](#F0001)). To aid in distinguishing this variability, tissues were separated into 'Adenocarcinoma IL-10 Low', representing patients with insignificant IL-10 expression, and 'Adenocarcinoma IL-10 High', representing patients with significant IL-10 expression ([Fig. 2](#F0002)). On average, the gray staining intensity of IL-10 in Adenocarcinoma IL-10 Low patients was 125.51, while the average staining intensity in Adenocarcinoma IL-10 High patients was 111.46 ([Fig. 1A](#F0001)). As lower gray values indicated more antigen binding, this difference was statistically significant (*p\<0.0001*) and showed that there was a clear divide among patients in regards to the presence of IL-10 within their tumors. 10.1080/15384047.2017.1360453-F0001Figure 1.*Statistical analysis of IL-10 expression within colon cancer tissue.* (A) Expression of IL-10 within all tissue types shows statistically significant increases in the cytokine within cancer tissue when compared with controls. 'Adenocarcinoma IL-10 High' tissue indicates tissues who had significant Il-10 expression and 'Adenocarcinoma IL-10 Low' tissue indicates tissue who had insignificant IL-10 expression. This same nomenclature is applied to the metastatic tissues. (B) All tissues \[Adenocarcinoma IL-10 Low and Adenocarcinoma Il-10 High\] were combined to determine the overall IL-10 expression within cancer grades. Overall, IL-10 expression had a significant increase in expression in Grade III tissue. (C) We found no statistically significant changes in IL-10 production between genders. 10.1080/15384047.2017.1360453-F0002Figure 2.*IL-10 and TGF-*β *staining of colon adenocarcinoma tissue.* Each tissue is displayed with the gray scale image, with an applied threshold, in the top right corner of the image. Below each image is the intensity map of the tissue with the gray values on the Y-axis. Within each of the intensity maps is a graphical representation of the level of gray staining. The scale bar indicates a magnification of 200. (A) Tissue from a 66-year-old female with Stage IIB colon adenocarcinoma who showed minimal levels of IL-10 expression characteristic of approximately 80% of patients. (B) Tissue from a 78-year-old female with stage III adenocarcinoma who experienced a significant upregulation of IL-10 within her tumor, which was characteristic of approximately 20% of the patients. (C) Tissue from a 64-year old male with stage III adenocarcinoma. This individual was rare among the samples analyzed as he had no visible staining of TGF-β. (D) Tissue from a 71-year old male with stage IIB adenocarcinoma, who had significant levels of TGF-β characteristic of only 13% of the tissues.

Further analysis revealed there was a significant increase (*p = 0.0049*) in IL-10 expression within Grade III tumors when compared with Grade II tumors ([Fig. 1B](#F0001)). These data indicate IL-10 expression may be linked to the differentiation of the cancer cell, as cells that are poorly differentiated have an increased expression of IL-10. We also evaluated the differences between sexes and found no statistically significant (*p = 0.8778*) relationship between IL-10 production and sex ([Fig. 1C](#F0001)).

Patients with metastatic colorectal adenocarcinoma have an increased proportion of IL-10 upregulation {#S0003-S2002}
-----------------------------------------------------------------------------------------------------

As with colon adenocarcinomas, metastatic cancer samples had a similar divide between patients that experienced a significant expression of IL-10 and those that did not. This difference between patients was skewed in the opposite direction of colon adenocarcinoma tissue: instead of having most patients with no significant IL-10 expression, most metastatic samples were positive for IL-10. While 20% of patients with colon adenocarcinoma were positive for expression, 53% of patients with metastatic adenocarcinoma had elevated levels of IL-10 ([Fig. 3B](#F0003)). These results indicate that IL-10 may be an important factor contributing to metastasis and the ability of a metastatic cell to survive. 10.1080/15384047.2017.1360453-F0003Figure 3.*Statistical analysis of IL-10 expression within metastatic adenocarcinoma.* (A) Within metastatic tissue there was no statistically significant increase in IL-10 presence with changes in grade. (B) While there were positive tissues within both adenocarcinoma and metastatic adenocarcinoma, patients with metastatic adenocarcinoma had a more prevalent presence of IL-10. (C) Along with an increase in the amount of patients with elevated IL-10 expression, the average stain intensity of patients with metastatic adenocarcinoma was significantly higher than patients with adenocarcinoma.

Tissue samples were similarly split into 'Metastatic IL-10 Low' and 'Metastatic IL-10 High' samples ([Fig. 4](#F0004)). The average staining intensity of Metastatic IL-10 Low samples was 119.95, while the average staining of Metastatic IL-10 High samples was 106.42 ([Fig. 1A](#F0001)). This difference was statistically significant (*p\<0.0001*) and indicates a clear divide between patients regarding IL-10 production, as lower values indicate more IL-10 within the tissue. In addition, the average intensity of Metastatic IL-10 High samples was significantly darker than Adenocarcinoma IL-10 High (*p = 0.027*), indicating a higher expression of IL-10 within metastatic malignant cells ([Fig. 3C](#F0003)). 10.1080/15384047.2017.1360453-F0004Figure 4.*IL-10 and TGF-*β *expression within metastatic adenocarcinomas.* Each tissue is displayed with the gray scale image, with an applied threshold, in the top right corner of the image. Below each image is the intensity map of the tissue with the gray values on the Y-axis. Within each of the intensity maps is a graphical representation of the level of gray staining. The scale bar indicates a magnification of 200. *(*A) Tissue from a 43-year-old male with grade 2 metastatic adenocarcinoma from the colon had minimal levels of IL-10 expression representative of 44% of patients. (B) Tissue from a 51-year-old female with metastatic adenocarcinoma who had significantly upregulated expression of IL-10 representative of 55% of tissue evaluated. (C) Tissue from a 58-year-old male with metastatic adenocarcinoma stained with TGF-β. All metastatic tissues exhibited this same level of TGF-β staining. This level of staining was consistent through all of the tissue types.

While there was a statistically significant difference within colon adenocarcinoma samples in regards to grade, there was no statistically significant change in IL-10 expression within metastatic adenocarcinomas when considering grade ([Fig. 3A](#F0003)). As metastatic tumors are very commonly poorly differentiated, we expected to see no clear divide between any determined grades.

To determine whether the observed IL-10 increase in metastatic tumors was also seen within individual patients upon metastasis we examined a small cohort (n = 13) of individuals with expression data from both primary tumor sites and matching metastatic tumor sites. Within this small cohort there was no statistically significant difference in overall IL-10 expression between primary tumors and metastatic tumors. However, one patient had a significantly elevated expression of IL-10 within their metastatic tumor when compared with their primary tumor ([Fig. 5B](#F0005)). Additionally, we analyzed IL-10 expression data in a larger set of metastatic tumors to determine the general distribution of the cytokine within metastasis. We found that there were generally low levels of the cytokine as observed within tissue. However, the expression profile showed a right skewed pattern with a small fraction of patients showing considerably highly elevation of IL-10, and several other patients who had a general upregulation ([Fig. 5A](#F0005)). For patients who experience this upregulation, it may be beneficial to target IL-10 to reduce metastatic potential. 10.1080/15384047.2017.1360453-F0005Figure 5.*IL-10 and TGF-β expression profiles in patients from TCGA.* (A) 396 metastatic tumors were analyzed for IL-10 expression. The number of patients is plotted against the Expression profile in transcripts per million. (B) IL-10 expression within primary and metastatic tumors was plotted to show differences within the same individual. On patient experienced significantly elevated IL-10 and is shown in green. This same cohort was used to also evaluate (C) TGF-β expression between primary and metastatic tumors. 10.1080/15384047.2017.1360453-F0006Figure 6.*Statistical analysis of TGF-*β *expression within colon cancer tissue*. (A) TGF-β showed a consistent level of expression across all tissue types, including normal tissue, with the exception of 4 patients who had insignificant levels of TGF-β expression. (B) Number of patients with positive expression of TGF-β and negative levels of TGF-β. There was a small proportion of patients that had no TGF-β expression. (C) There was no significant difference in TGF-β expression between tissue grades in colon adenocarcinoma samples or metastatic adenocarcinoma samples.

TGF-β expression is generally consistent throughout all patient tissue {#S0003-S2003}
----------------------------------------------------------------------

While IL-10 showed variable expression within tumors when compared with normal controls, there was no significant changes in expression within tissue stained for TGF-β ([Fig. 6](#F0006)). Four patients experienced very low levels of TGF-β uncharacteristic of any other tissue samples ([Fig. 5B](#F0005) and [2C](#F0002)). These patients had an average staining intensity of 110.95, which is significant (*p\<0.0001*) when compared with both cancerous tissue and normal tissue, which had an average staining intensity of 87.82 ([Fig. 5A](#F0005)). These patients represented a fraction of the samples, and the unusual lack of expression may be used as an additional tool for characterizing individual tumors and mutations within patients.

The expression of TGF-β did not experience any changes in staining intensity between metastatic adenocarcinomas or colon adenocarcinomas. ([Fig. 2D](#F0002) and [4C](#F0004)) In addition, while analyzing a small cohort of patients with both primary tumor and metastatic tumor samples, there was no statistically significant difference between the 2 sites in regards to TGF-β expression ([Fig. 5C](#F0005)).

Discussion {#S0004}
==========

These results show that immunosuppressive cytokine levels of IL-10 have variable expression within different colon adenocarcinoma tumors and may provide insights into the strategies tumors utilize to avoid immune detection. Both anti-inflammatory cytokines as well as pro-inflammatory cytokines are known to be involved in contributing to positive and negative patient outcome and help to establish the complexity of the tumor microenvironment.

The complexity of the tumor microenvironment is supported by the cytokines secreted within the tumor site, and is often protective for cancer cells and provides an atmosphere optimal for cancer cell growth. This supportive environment is no longer present as individual metastatic cancer cells break off from the primary tumor to invade other tissue. Instead of being nurtured by a very well organized, structured tumor site, metastatic cells are faced with several challenges where they often have to alter gene expression to survive.

A critical target for IL-10 is the inhibition of antigen presenting cells. IL-10 functions to downregulated MHC expression and co-stimulatory molecules critical for the activation of effector T cells.^[20](#CIT0020)-[22](#CIT0022)^ In addition, IL-10 contributes to the expression of Foxp3 and TGF-β, which sustain Treg populations.^[20](#CIT0020),[23](#CIT0023)^ Tregs are influential in the success of a tumor to metastasize as they aid in tumor cell survival within the circulation.^[24](#CIT0024)^ Because cancer cells are escaping from a well-established environment, a vast majority of cells released do not successfully establish metastatic sites. Those cells that successfully avoid destruction within circulation make changes to the transcriptional control of genes to promote an environment that supports immune evasion.^[25](#CIT0025)^ These transcriptional changes often involve increasing levels of IL-10 to elevate the number of Tregs within the surrounding environment. By increasing Treg differentiation, metastatic cells can increase their chance of survival when breaking away from the primary tumor. Our results show that within metastatic tumors there is a significant increase in the number of patients with elevated IL-10 when compared with primary tumors. This indicates that IL-10 may play a role in promoting metastasis and controlling the immune environment to support metastatic tumor cell escape.

Within the primary tumor site, IL-10 production can both support and interfere with cancer cell survival, which may explain why the levels of IL-10 are so variable between CRC patients. IL-10 can function to stimulate the immune system by increasing the frequency of cytotoxic CD8+ T cells and natural killer cells depending on the other cytokines present within the tumor microenvironment (IL-2 for T cell activation and IL-19 for Natural killer cell activation).^[26](#CIT0026),[27](#CIT0027)^ The anti-tumor effects of IL-10 are also demonstrated as IL-10 modifies and efficiently regulates the quality of antigen presentation.^[20](#CIT0020)^ The effects of IL-10 within the primary tumor are modulated by the surrounding cytokine profile and expression of the protein can provide insights into approaches the tumor takes to skew the immune response to either anti-inflammatory or pro-inflammatory.

We did not find a significant increase in TGF-β when comparing metastatic tumors to endogenous tumors. Our results show that the levels of TGF-β do not vary significantly between normal colon tissue and malignant colon tissue, indicating its role within cellular maintenance is essential for all tissue. Yet, we did observe tissue from 4 patients with insignificant levels of TGF-β which may provide physicians with a targeted treatment of those individuals who lack the protein, as this phenomenon was only experienced within patients with malignant tissue.

Classical anti-inflammatory cytokines exhibit complex effects on tumor growth and development. The presence of these cytokines within malignant tissue can provide key insights into strategies elicited by the tumor to promote growth. Within each individual patient there is a unique cytokine profile which determines the microenvironment surrounding the tumor and the strategies tumors utilize to survive and adapt. We have shown that IL-10 is extremely variable among patients and could provide physicians with additional tools for characterizing individual patient tumors.

While this study examines IL-10 and TGF-β levels within a small cohort of individuals, there is need for an analysis within an extrinsic data set with more patients. Further investigation will need to be conducted in the future to determine the source of IL-10 and TGF-β within these tumors. Understanding the composition of cells that secrete these cytokines will provide additional insights into ways to potentially reduce their expression within the tumor microenvironment.

Materials and methods {#S0005}
=====================

Chemicals {#S0005-S2001}
---------

DIVA antigen retrieval solution, Background Sniper blocking agent, Universal negative, Mach 4 HRP antibodies, DAB Peroxidase, and Hematoxylin were all purchased from Biocare Medical. IL-10 and TGF-β antibodies were purchased from Thermo Fisher Scientific. GAPDH polyclonal antibody was purchased from cell signaling.

Patients {#S0005-S2002}
--------

Colorectal Adenocarcinoma Tissue Microarrays were obtained from Biomax. Each microarray contains 30 cases of colon adenocarcinoma (grade 1--3), 30 cases of Metastatic adenocarcinoma from the colon (grade 2--3), 10 cases of tubular adenoma, 20 samples of cancer adjacent normal tissue, and 10 samples from normal colon tissue. Adenocarcinoma tissue was assessed for TMN grading and stage. Patient ages ranged from 29 -81 for malignant samples. Sex was also variable between samples ([Table 1](#T0001)). 10.1080/15384047.2017.1360453-T0001Table 1.Distribution of malignant colon tissue and controls.Tissue TypeNumber of PatientsGrade RangeAge RangeM/FGV: IL-10/TGF-βAdenocarcinoma301--331--7914/16121.66 / 90.52Metastatic Adenocarcinoma from the colon302--330--7917/13112.66 / 89.61Tubular Adenoma10−31--696/4117.5 / 85.57Cancer Adjacent Normal Colon Tissue20−32--8116/4120.26 / 89.46Normal Colon Tissue10−29--4210/0119.88 / 90.15

All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards.

Immunohistochemistry {#S0005-S2003}
--------------------

Tissues were incubated in Histoclear and rehydrated with a series of ethanol washes. Tissues were incubated with a DIVA solution for 30 minutes before treatment with a Background Sniper block. Block was administered for 30 minutes before tissues were washed and treated with primary antibodies at a 1:100 dilution. Following primary antibody treatment overnight at 4°C, tissues were washed and treated with Mach 4 HRP antibodies for 20 minutes at room temperature. After several washes, a DAB Peroxidase solution is added to the tissues. Areas of antibody binding will convert the colorless substrate to a brown product to highlight regions of antibody binding. Then, tissues are treated with a hematoxylin solution to show cell nuclei. Along with IL-10 and TGF-β treatment, GAPDH was used as a positive control and a universal negative was used as a negative control for expression.

Tissue quantification {#S0005-S2004}
---------------------

Following tissue imaging, all tissue was analyzed using *ImageJ* software. Briefly, tissue images were each placed under an 'IHC toolbox' program with a selected "more DAB" option to discard areas of the sample without sufficient DAB staining. Following this, tissue images were converted to a gray scale and then placed under a threshold. To avoid incorporating bias from negative space within the image, a threshold was applied to the image to measure only areas of staining. The threshold applied for these samples was 50--150 and was determined using GAPDH and the universal negative samples as guides. Samples with an average gray intensity of less than 115 were considered positive for cytokine expression ("High") and samples with an average gray intensity above 115 were considered negative for cytokine expression ("Low"). Once the threshold was applied to all images, they were assessed for average gray intensity. Low gray values are indicative of darkly stained tissue, and high gray values are indicative of not staining. Following this evaluation, the images were also analyzed using plot surfaces to quantify the levels of gray intensity throughout the sample.

Bioinformatic analysis {#S0005-S2005}
----------------------

We evaluated differences in expression levels of the IL-10 and TGF-β1 genes between primary tumors (n = 13) and metastases (n = 15) in datqa published by Vignot, et at.^[28](#CIT0028)^ These data had been generated using one-color Agilent microarrays. We preprocessed and normalized the data using the *limma* software package (v.3.30.13), using settings recommended in the *limma* User\'s Guide. To plot the data, we used the *ggplot2* package (v.2.2.1). These software packages are implemented for the R statistical software.

Next we evaluated RNA-Sequencing data from The Cancer Genome Atlas (TCGA) for metastatic melanoma patients (n = 367). These data had previously been prepared using the featureCounts algorithm and summarized to transcripts-per-million values. We used the *ggplot2* package (v.2.2.1) to plot these data.

Statistical analysis {#S0005-S2006}
--------------------

Comparison between tissue samples was conducted using ANOVA statistical analysis with the multiple comparison method. In addition, 2-way ANOVA tests were performed to compare the mean expression of each antibody between colon adenocarcinoma and metastatic carcinoma tissues. Finally, *t tests* were used in conjunction to confirm statistical significance. All statistical analysis was evaluated using GraphPad Prism 7 software. Differences were considered significant when the *p value* was \< 0.05.
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